Abstract-We study the effects of third-order dispersion in wavelength division multiplexed soliton transmission systems using periodic dispersion maps. For this purpose, loss and lumped amplification have been included in a previous ODE model obtained using the variational method and a Gaussian ansatz. We present a detailed analysis of how TOD affects the collision-induced frequency shifts of the transmitted pulses.
INTRODUCTION
The use of Dispersion Management (DM) techniques permits to reduce several system penalties in fiber soliton transmission, such as those arising from the Gordon-Haus timing jitter and four-wave mixing (FWM) [1] , and has enabled long-distance optical soliton communication systems to become a reality [2] . When the transmission capacities are improved by means of wavelength division multiplexing (WDM), collisions between solitons propagating in neighboring channels may set important limitations to signal transmission. Specifically, these collisions induce shifts of the pulse centre frequencies; the timing jitter at the receiver can severely impair system performance. An accurate study of these systems requires the inclusion of third order dispersion (TOD).
In a previous work [3] , we analyzed the dynamics of colliding solitons in lossless dispersion managed wavelength division multiplexing systems in the presence of TOD. We now address the lossy case.
THE VARIATIONAL ODE MODEL
We study the simultaneous propagation of two WDM pulses. The variational method [4] permits to reduce the full complexity of the generalized NLS to that of a system of ODEs which capture the most relevant features of the evolving solutions in an approximate manner. We assume that, under strong dispersion management
[5], the l-th pulse (l=1,2) is well approximated by a Gaussian shape
where Z and T are the normalized propagation distance and retarded (local) time, respectively.
T l are Z-dependent pulse parameters representing the inverse width, linear chirp, centre frequency, centre position and phase of the pulse, respectively. E l is the normalized initial pulse energy. The resulting equations of motion for the pulse parameters [3] are
and Z a is the normalized amplifier spacing.
RESULTS AND DISCUSSION
We first analyze the properties of the periodic pulse solutions for a single channel transmission in the presence of loss and lumped amplification for different values of G . As in [ We observe in Figure 1 that the location of the chirp-free points is no longer at the midpoint of the anomalous dispersion fiber segment and the evolution of the pulse parameters is not symmetrical about the 0 C line. Although the pulse has a non-zero chirp at the midpoint of the anomalous segment, it becomes zero at some particular point inside the map.
We now consider the simultaneous propagation of two pulses with -17.75
. As a pulse propagates in the dispersion map, it describes a zigzag trajectory following the changes in the sign of ) Z ( D . The two pulses under study finally collide, causing residual frequency shifts which can degrade the system performance. Figure 2 displays the frequency shift for the 1 l channel without (left) and with (right) loss and lumped amplification. In the lossy case, both with and without TOD, the positions of the local minima for the frequency shift move to the values 6 8 ' n D , with n a positive integer. Also, as in the lossless case, TOD decreases the peak values of the residual frequency shift for this channel, while maintaining the characteristic oscillatory profile along the dispersion difference axis. The situation is reversed for the 2 l channel; this effect can be explained as a result of the dispersion affecting each channel being modified to an effective value, D eff =D-6GZ, which includes the TOD correction. 
